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A recently reported ‘‘spinach’’ system labels RNAs with an aptamer
sequence that specifically binds a small molecule and induces its fluores-
cence for imaging and was applied to image highly abundant tRNA and
rRNA. Whether this tag can be used to image relatively low abundant
mRNAs without affecting their biological functions remains to be verified.
In order to enhance the brightness of spinach system and apply it for
imaging of RNAs of low abundance, here we report a spinach array with
tandem aptamer sequences to amplify its signal, and apply it to mRNA
live cell imaging. We find that the spinach array increases the fluorescence
intensity by more than 10-fold, and does not affect mRNA translation and
degradation.
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As any biochemical event gene transcription is subject to stochastic compo-
nents that lead to cell-to-cell variability in an isogenetic population. In recent
years it was shown that transcription level of many genes are rather low and
accompanied by fluctuations. We quantify RNA level at single cell level using
FISH (Fluorescence in situ Hybridization) and investigate the impact of RNA
noise on cell cycle progression of Saccharomyces cerevisiae taking also advan-
tage of stochastic modeling.
The progression through the four distinct phases of the eukaryotic cell cycle is
highly regulated by cyclin-dependent kinases (CDKs) and cyclins that work as
regulators of the CDKs. In budding yeast the main and best characterized
CDK is Cdc28 with its related cyclins, Cln1-3 and Clb1-6. However, Pho85
(homologue to mammalian Cdk5) is a another important CDK, whose func-
tion is still not fully understood but seems to be involved in the fine regulation
of the cell cycle checkpoints and in the adaptation to environmental changes.
By quantifying mRNA level of Pcl1 and Pcl9, two Pho85 specific cyclins, we
aim to understand the structure and role of Pho85 molecular network in cell
cycle regulation compared to the Cdc28 network and the impact of stress
conditions.
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RNAs are synthesized exclusively in a 5’ to 3’ direction and it is well
established that many (particularly long noncoding, but also riboswitch)
RNAs begin to fold before the transcript is fully synthesized. Indeed, in
many cases, directional folding is thought to limit the formation of non-
productive, nonnative structures that might arise from a more random conden-
sation of secondary and tertiary structures or to facilitate formation of
necessary (and transient on pathway) folding intermediates. Site-specifically
programmed pauses in transcription are often necessary to direct these
interactions.
Using tools from synthetic biology and nucleic acid nanotechnology, we
are developing an alternative approach to direct and control 5’ to 3’ sequen-
tial RNA folding. The approach allows the introduction of pauses into
the sequential release and allows the experimenter to halt and then resume
RNA release/folding. Initial studies use the malachite green binding RNA
aptamer, with a simple fluorescence readout of formation of the final
structure. Subsequent stud-
ies will footprint interme-
diates with a variety of
probes to follow the prog-
ress of folding and detect
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Visualization of the temporal and spatial organization of viral RNA species in
host cells is essential for understanding the viral replication cycle. This project
aims at employing various techniques for imaging of viral RNA at single cell/
virus level. For tracking in living cells, multiple short modified oligonucleo-
tides carrying specific intercalating fluorophores whose brightness increases
5-20 fold via forced intercalation (FIT) only upon Watson-Crick hybridization
with the complementary target sequence are used. Probes are delivered into
living host cells via temporarily permeabilization by streptolysin O. Those
probes are employed, for example, for in vivo tracking to investigate progress
and localization of influenza virus RNA segments assembly during egress.
Complementary, in fixed cells we established single molecule fluorescence in
situ hybridization (single molecule FISH) for studying RNA segment organiza-
tion, i.e., for hanta-virus infections, both for cell-free surface immobilized
virions as well as for infected host cells. Parallel dual segment labeling via
FISH allows measuring the degree of correlation of two segments in a single
virion at a time. Employing a highly sensitive EMCCD camera with epifluor-
escence microscopy, bleaching steps can be recorded for each segment thus
statistically determining the number of segments per virion and the degree of
colocalization between them. This approach will resolve the packaging mech-
anism of hanta viruses.
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Spliceosomes are multi-megadalton ribonucleoprotein (RNP) complexes
responsible for catalyzing the removal of noncoding introns from eukaryotic
precursor messenger RNA (pre-mRNA) transcripts and ligating the flanking
coding exon sequences to produce a mature messenger RNA (mRNA). Genetic
and biochemical techniques have been the preferred tools utilized to identify
and characterize splicing complexes throughout spliceosome assembly and
catalysis. Unfortunately, these techniques fail to capture the inherent dynamic
and heterogeneous nature of the process, a characteristic perhaps most exempli-
fied by the fact that both chemical steps of splicing are reversible processes. In
addition, these techniques often focus on the role of spliceosomal components
and fail to capture the important information gained by directly observing the
conformation of the pre-mRNA at the core of the spliceosome.
In an effort to address these limitations, single molecule fluorescence micro-
scopy has recently emerged as an alternative approach. Using a dual-labeled,
fluorescent substrate we are able to observe time and ATP-dependent confor-
mational rearrangements of single pre-mRNA molecules throughout spliceo-
some assembly and catalysis. In addition, substrate and extract mutations
allow us to stall assembly at specific stages and enrich for the conformational
behaviors characteristic to that stage of splicing. To help us understand the
complex behaviors of thousands of molecules interconverting between multiple
states with a variety of kinetic behaviors, we have developed a clustering anal-
ysis tool that allows us to first classify these diverse behaviors and then assign
dynamics to specific complexes along the splicing pathway. This approach is
vital to the single molecule field because it allows for an objective characteriza-
tion of complex systems involving more than two or three states.
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Methods to assess three-dimensional RNA structure inside and outside of the
cell are of great importance. Crosslinking reagents that report on tertiary inter-
actions in RNA are of particular interest as constraints for structure models and
as reporters for RNA dynamics. Small, square-planar Pt(II) compounds such as
cisplatin are well-known anticancer therapeutics that bind purine nucleobases.
